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Background: Maximum intensity projection (MIP) CT image reconstruction is a beneficial
diagnostic tool in paediatric radiology and can help to distinguish between small pul-
monary nodules and adjacent vessels or pulmonary scars.
Objectives: The purpose of this study was to determine the optimal MIP slice thickness and
reconstruction plane for pulmonary nodule detection in paediatric patients.
Materials and methods: Fifty-five paediatric patients with suspected nodules less than
5 mm who were diagnosed with extra-pulmonary malignancy and underwent multidetec-
tor computed tomography (MDCT) of the thorax were evaluated. Multiplanar CT 5 mmMIP
reconstruction (axial-coronal-sagittal), 2 mm axial-coronal MIPs, and 1-mm and 5-mm
axial source slices, were interpreted independently by three blinded radiologists. The axial
-1 mm slices were accepted as the gold standard method as the result of retrospective con-
sensus session in order to get comparison with similar studies. The number of nodules, size
and location, distance from pleura, overall time taken and confidence were recorded sep-
arately for each observer.
Results: Receiver operating characteristic (ROC) analysis showed significant advantages of
MIP images over averaged images. With high significance (p < 0.001), coronal 5 mm MIP
reconstructions were found to be most advantageous over conventional reconstruction
techniques. Mean reading time was fastest in axial 5 mm MIP images.
Conclusions: Compared to conventional paediatric chest CT reconstruction techniques,
detection of pulmonary nodules with diameters smaller than 5 mm was found to be most
sensitive in 5 mm coronal MIP images.
Diagnostic accuracy of MIP slice modalities for small pulmonary nodules in paediatric
oncology patients revisited: What is additional from the paediatric radiologist approach?
 2016 The Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by
Elsevier. This is an open access article under the CC BY-NC-ND license (http://creativecom-
mons.org/licenses/by-nc-nd/4.0/).1. Introduction
Growing and widespread availability of multidetector
computed tomography (MDCT) in the past years has
increased the detectability of small pulmonary nodules in
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techniques such as multiplanar reconstruction (MPR),
maximum intensity projection (MIP) and computer-aided
detection (CADe) helped to improve radiologists’ perfor-
mance in detecting pulmonary nodules [3–6].
Detection of pulmonary nodules in paediatric patients
suffering from extra-pulmonary malignancies is prognosti-
cally important and may influence therapy. Visualizing
these changes occupies a significant amount of time in
the daily routine of paediatric radiology departments. This
is aggravated by the fact that children have a smaller chest
size and a faster respiration, making nodules harder to
detect and scanning more prone to motion artefacts
[1,2,6,7]. In addition, applied doses are routinely lower
than in adults which is another factor that complicates
the detection of nodules due to increased image noise.
In daily practice, high resolution MDCT with narrow
collimation guarantees high spatial resolution and reduced
partial volume effects, both improving the probability of
detecting small pulmonary nodules [8–10]. Drawbacks
are the increased number of images that need to be exam-
ined by the radiologist, and thin sections that make it
harder to differentiate between a lung nodule and a vessel.
A solution for both issues can be MIP reconstructions. The
MIP technique is based on the principal of keeping the
object with the highest density per slice only [1,4,11].
The most urgent disadvantage of MIP images decreased
impression of depth. On the other hand, they are believed
to enable better detection of small pulmonary nodules and
reduce the number of images needed to be evaluated. This
is due a better traceability of intrapulmonary vascular
structures and branchings, making adjacently located nod-
ules easy to percept. Existing studies showed that in com-
parison with thin section axial MDCT, axial MIP
reconstructions enhanced the diagnostic accuracy of small
pulmonary nodules [1,2].
The purpose of this study was to assess the possible
benefits of MIP reconstructions in different imaging planes,
compared to thin section axial images. Specificity, sensitiv-
ity, and accuracy of lung nodule detection among the dif-
ferent reconstruction techniques were therefore
compared in a series of paediatric patients under observa-
tion for lung metastases of extra-pulmonary malignancies.2. Materials and methods
Local hospital’s oncology database and Picture Archiving
and Communications System (PACS) were queried for pae-
diatric patients with extra-pulmonary solid organ malig-
nancies, who underwent chest MDCT between January
2010 and December 2014. A resulting total number of
seventy-seven studies could be retrieved. All studies and
patient records were reviewed and reconfirmed by an
independent radiologist (I.K.).
Pulmonary nodule definition was based on the research
by Westra et al. [6,7]. Nodules had to feature sharp mar-
gins. Exclusion criteria were pulmonary nodules larger
than 5 mm, a total lung nodule count of more than 4, an
underlying primary lung diseases such as cystic fibrosis,
and nodules with indefinite borders or ground-glass opac-ities. Due to these criteria 7 patients were excluded, leav-
ing 70 patients for evaluation.
All imaging examinations were performed on a MDCT
scanner (Brilliance 64; Philips Medical Solutions, Eind-
hoven, the Netherlands) using a single breath hold tech-
nique. Acquisition parameters were 120 peak kilovoltage
(kVp) with enabled automatic exposure control (AEC),
and a pitch of 1.0. Collimation was 0.9 mm. Raw image data
were reconstructed to 1 mm and 5 mm axial slices, axial –
coronal 2 and 5 mm MIP slices, sagittal 5 mm MIP slices.
Independently from each other, 3 blinded radiologists
(M.B.O = observer 1, U.Y = observer 2, and C.K = observer
3) with varying radiological experience evaluated the data
in Osirix software. Lung window settings (centre 600 HU,
width 1600 HU) were applied for image interpretation.
Moreover, observers were allowed freely manipulate the
window settings when desired. Each dataset was checked
for number of nodules, size, location (central vs. peripheral,
left or right, upper, middle or lower lobe) by each of three
observers independently. Required reading time was
recorded too. Mean time and standard deviations for all
observers were calculated. Reconstructions were analysed
in a random order. Observers were not allowed to read
more than 5 reconstructions per day. This was to avoid
recognition of same-patient-datasets among one another.
Level of diagnostic certainty and observer agreement was
rated on a five point scale (1 = no nodule, 2 = no confident
nodule, 3 = probable nodule, 4 = more definite nodule,
5 = definite nodule).2.1. Statistical analysis
Statistical analysis was performed in SPSS for Windows
(Version 21.0; SPSS Inc., Chicago, IL, USA).
Receiver operating characteristic (ROC) analyses were
performed to assess the correct differentiation of pul-
monary nodules and other structures such as lung vessels
or scars. This was done in all reconstruction techniques
for every observer. Area under the curve (AUC) was used
to compare the performance of nodule detection and accu-
rate differentiation of pulmonary nodules from other focal
pulmonary lesions among the different reconstruction
techniques. The confidence interval was defined at 99.5%.
The respective analyses were performed for all observers
together and were compared among each other.
Scheffé’s method was used to evaluate nodule detection
confidence as a function of its orthogonal distance from the
pleura. Pearson’s correlations and Friedman tests were
used to assess differences between the reconstruction
techniques regarding nodule detection. P values lower
than 0.05 were accepted as statistically significant.
The approval for the ethics board was obtained in accor-
dance with the local hospital guideline.3. Results
In fifteen patients, no nodules were found correspond-
ingly by all observers in all image review modalities (axial
1–5 mm slices, axial and coronal 2–5 mm MIP slices, and
sagittal MIP image reconstructions). In the remaining 55
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nodules. Of the 172 nodules detected by the three review-
ers at initial image interpretation, 124 were classified as
‘‘true” pulmonary nodules and the remaining 48 of the
lesions were classified as pulmonary scars or vessels at
the retrospective consensus reading (false positives).3.1. Interobserver agreement
Interobserver agreement for the detection and charac-
terization of nodules is described in Table 1. All of the cor-
relation values were significant at the level of 0.01 which
was extremely good.3.2. Retrospective verification of nodules
ROC curves of pulmonary nodule detection in all image
reconstruction techniques for all three observers are dis-
played in Fig. 1(a–g) and Table 2. All review modalities
except sagittal image reconstruction allowed a statistically
significant differentiation between pulmonary nodules and
vessels (p < 0.05).
When stratifying the data for nodule detection rate
according to the localization the axial 1-mm, axial-5 mm,
sagittal -5 mm MIP, axial and coronal 2 mm MIP did not
show statistically significant differences. For all of these
imaging modalities the area under curve was calculated
as 0.5 which is less than reference line. The coronal -
5 mm – MIP images, axial- 5 mm MIP images had higher
area under curve results than the reference line only for
the peripheral lower parts of the specific localization. AUCs
for coronal -5 mm MIP images for peripheral lower parts
were 0.572 (range, 0.457–0.721) and 0.546 (range, 0.498–
0.624) for axial -5 mm MIP images. These values reached
statically significant p values in the differentiation of pul-
monary nodules (p: 0.034 and p: 0.019, respectively).
Shortest reporting duration was observed for axial
5 mm MIP reconstructions (mean 66 ± 13 s) and longest
for the sagittal 5 mm MIP images (mean 75 ± 14 s). The
mean duration for the axial MIP, both 2 mm and 5 mm,
was lower than the corresponding conventional axial slice
techniques (p = 0.030, p = 0.042 respectively).
Mean AUC values were 0.692 (range 0.361–0.858) for
observer 1, 0.665 (range 0.299–0.952) for observer 2, and
0.662 (range 0.479–0.811) for observer 3. Lowest AUC val-
ues were found in sagittal MIP reconstructions in all three
observers. The highest AUC values for the observer one and
three were coronal 5 mmMIP images, and axial-5 mmMIP
images for observer two.Table 1
The r values of interobserver agreement for observational MIP study.
Mean Min Max
Axial -1 mm 0.592 0.538 0.704
Axial -5 mm 0.642 0.598 0.745
Coronal-2 mm MIP 0.612 0.570 0.637
Coronal -5 mm MIP 0.531 0.492 0.627
Axial – 2 mm MIP 0.774 0.695 0.817
Axial - 5 mm MIP 0.735 0.692 0.773
Sagittal – 5 mm MIP 0.305 0.216 0.323Figs. 2 and 3 display two examples of the incremental
benefit of MIP review for the detection of small pulmonary
nodules.4. Discussion
Up to now several manuscripts have addressed the sen-
sitivity of pulmonary nodule detection. The widespread
methods included computer aided diagnosis, volume ren-
dering, iterative reconstruction and even digital tomosyn-
thesis [1,3,14,15]. The usefulness of double reading and
its effects on sensitivity improvement were also described
in the literature [1,6,16–18]. In contrast there is sparse
knowledge of this topic in the paediatric age group.
Our aim in this study was to enlighten the benefits of
axial and coronal MIPs in the detection of small pulmonary
nodules in paediatric population over the conventional
axial very thin slice thickness review to generate a sample
guidance for further avoidance of unnecessary radiation
exposure.
Analysis of the nodules detection reviews from the lit-
erature demonstrated that the most biggest difference
was obtained in the small sized group whereas the nodules
frequencies detected in the medium sized and the larger
group were nearly similar. In these reviews the medium
sized nodules are accepted as the diameter between the
5 and 10, and the bigger were accepted as more than
10 mm [1,2]. Therefore, the research subject did focus on
the only small pulmonary nodule detection. Additionally
the research population was chosen from the extra-
pulmonary malignancy paediatric oncology patients.
In our study, we excluded the nodules which is larger
than five millimeters in diameter. In the similar studies,
the nodules diameter between the 5 and 10 mm was
grouped as middle size, and larger than 10 mm were
named as big sized nodules [1,2]. In these two groups,
nearly all the imaging modalities including MIP techniques
and slice thickness reviewed and get very higher success
rates. Including all of these nodule size diameters into
our study group, it would not give additional information
to the literature. Additionally, the most challenging part
of paediatric chest imaging regarding the oncologic
patients is the small sized nodules (nodule diameter smal-
ler than 5 mm) [1,6,11,17,19]. In our study we reviewed all
the imaging modalities and slice thickness including sagit-
tal images in order to obtain the highest success clinical
results avoiding the unnecessary time wasting modalities
as an approach from the paediatric radiologist view.
Regarding the nodule size it has a significant implica-
tion and attention in the paediatric age group. In adults
the malignant transformation is directly proportional to
nodule size. Fleischner Society recommended the follow-
up procedure without any risk factor up to 10 mm nodules
whereas a small sized nodule such as less than 1 mm could
represent dissemination of oncologic pattern [20,21]. This
item either would play a role in the differentiation of a
oncologic staging or a diagnosis of the malignancy.
Recently improvement in the diagnosis and the changes
in the clinical management of paediatric oncologic radiol-
ogy practice the CT-only pulmonary nodule (not detectable
Fig. 1. The ROC Curve statical analysis results obtained to determine the performance of each slice thickness and modality section. Figure (a) shows the ROC
Curve results for axial -1 mm thickness per each reader. Figure (b) shows the ROC Curve results for axial -5 mm thickness per each reader. Figure (c) shows
the ROC Curve results for sagittal-5 mm thickness per each reader. Figure (d) shows the ROC Curve results for axial -2 mm MIP thickness per each reader.
Figure (e) shows the ROC Curve results for coronal-5 mm- MIP thickness per each reader. Figure (f) shows the ROC Curve results for axial -5 mm-MIP
thickness per each reader. Figure (g) shows the ROC Curve results for coronal-2 mm – MIP thickness per each reader.
1632 M. Burak Özkan et al. / The Egyptian Journal of Radiology and Nuclear Medicine 47 (2016) 1629–1637in chest X-rays) evaluation. This process causes a mis-
match in especially incidentally found nodules without
an underlying risk-factor population where treatment
issue is still in bias [6,8]. Additionally there is not still an
agreement in the concerning of the treatment such as
small nodules detected in paediatric oncology patients
proved long-term results in large cohort population.
Regarding the issue of pulmonary nodule detection in
the paediatric population, there were two most accurate
studies [1,2]. Their main aim was based on hypothesis of
‘the benefits of MIP reconstruction imaging is more accu-
rate than conventional slice thickness imaging modalities’.
They had done all the statics for the purpose of proving
benefits of axial MIP imaging technique over the conven-
tional imaging modality. The main aim of the study was
to clarify all the points of MIP imaging reconstructiontechnique, therefore to avoid further unnecessary
re-examination of the nodule determination. For the corre-
spondence to other studies, axial MIP 2 mm and 5 mm
images had higher AUC values compared to axial 1-mm
and 5 mm. The r values of Axial MIP images for the axial-
MIP images Kilburn were found nearly 0.49, but we found
higher r values for the axial – MIP images. Additionally
0.49 was accepted as to be statically not significant which
is under the reference AUC line of 0.5. Hereby, we dis-
cussed the detailed analysis of coronal 2 mm and 5 mm
MIP imaging technique additionally.
Coronal-5 mm had the best diagnostic criteria to distin-
guish the pulmonary nodules from the scars and the ves-
sels at the level of p 6 0.001. This p level is the most
accurate p level in the similar studies whereas the p value
is used 0.05 for the cut-off value.
Fig. 1 (continued)
Table 2
The ROC curves of pulmonary nodules for image reconstruction techniques
for all three observers.
Mean Min Max
Coronal -5 mm MIP 0.775 0.771 0.811
Axial -1 mm 0.665 0.517 0.767
Axial -5 mm 0.572 0.522 0.623
Coronal-2 mm MIP 0.707 0.566 0.886
Axial – 2 mm MIP 0.764 0.668 0.936
Axial - 5 mm MIP 0.716 0.552 0.854
Sagittal – 5 mm MIP 0.378 0.311 0.460
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article with the comparison of Multi-planar 5 mm – MIP
reconstruction (axial-coronal-sagittal), 2 mm axial-
coronal MIPs, and 1-mm and 5-mm axial source slices
were interpreted independently by three blinded radiolo-
gists. This study gives rise to the nodule detection rates
of different slice thicknesses of MIP images among them-
selves. Valencia et al. compared the axial and coronalMIP 10 mm slices with axial 1-mm in adults [2]. Kilburn-
Toppin et al. used 2 mm axial and 10-mm MIP images in
their study based on the paediatric age group [1]. In the
comparison, axial and coronal MIP images provided higher
nodule detection rate and accurate differentiation of pul-
monary nodules from other focal lesions such as vessels
and scars. The reconstructed MIP images provide a higher
differentiation between the pulmonary parenchyma and
the vascular structures by selecting the highest intensity
in the voxel which enables a clear background whereas
the observers had to look at a complex one [1,10,12]. Prob-
ably this fact is the underlying basic mechanism of the
highest success of MIP slices independently in relationship
within the slice thickness and anatomical plane. Addition-
ally this could explain the higher ratio of observer agree-
ment in the MIP slices.
The isotropic voxels with a high spatial resolution of
1 mm acquire data from the whole lung with multi-
detector row CT enables detection of small sized (axial
diameter lower than 5 mm) pulmonary nodules but
Fig. 2. Figure (a) shows axial 1 mm slice thickness MDCT, the millimetric subpleural nodule detected at a fifteen years old female patient diagnosed with
osteosarcoma. Figure (b) shows axial -2 mm MIP reformat technique shows the same patient in figure (a), detection of two millimetric nodules both in the
right and left lung. Figure (c) shows axial – 5 mm MIP slice thickness, in a nine-years old male boy pleural nodule detected at right superior lobe posterior
segment in the osteosarcoma patient. Figure (d) shows coronal-5 mmMIP reformat technique within the same patient in figure (c), the two nodules both in
the right and left lung. Figure (e) shows coronal -2 mm MIP reformat technique in a eleven years old male patient diagnosed with Ewing sarcoma; a 3
millimeter calcified nodule shown by the arrow in the left peripheral part of the posterior basal segments at the lung. Figure (f) shows the sagittal -5 mm
MIP reconstruction of the nodule detected at figure (e).
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MIP slices are created over the final axial thin-slab images.
Number of MIP images reaches markedly very low num-
bers and rates compared within the conventional
sequences. Therefore the time requirement to image inter-
pretation for axial -MIP slices was statically significant
lower than that from the axial 1 mm and 5 mm slices.
The minimum duration for the axial -5 MIP images was
lower than the other MIP imaging techniques; however,
the sagittal images took the most longer time to evaluate.
Additionally the r correlation factors were the lowest for
the sagittal imaging. Both of these findings support the
hardness of image interpretation from the sagittal images.
Regarding the confidence levels there were not higher
improvement levels as the expected levels in the usage of
axial -2 mm MIP images which could be due to previously
selection of nodules on axial images which are also the
main source for the MIP datasets. The MIP images were
obtained from the axial source datasets. These axial thin
slices have a high confidence level for the bigger size nod-
ule detection.
Previously Valencia et al., Kilburn-Toppin et al. used
10 mm – MIP image reconstruction technique [1,2]. They
found statically significant p values for the nodule detec-
tion but in our study the axial -2 mmMIP images and axial
-5 mmMIP s did not evaluate to get significant p values. On
the other hand coronal -5 mm – MIP results were the only
significant p values at the 0.001. These results suggest that
in nodule detection the smallest MIP slice technique does
not validate the best optimising or highly expected values.
This could be due to partial volume effect of the MDCT. Inthe basic the chosen slice thickness could not be higher
enough to get the statically significant values. Valencia
et al. used 4 row-slice MDCT, on the other hand Kilburn-
Toppin used 64 row- MDCT which is the similar row-CT
within us. The higher rows MDCT would give better nodule
detection rates within the lower slice thickness rates. This
issue should be obtained in the large cohort studies.
Kilburn-Toppin et al. and Valencia et al. mentioned that
the MIP images were used for as the complementary sets
over the source thin slice images [1,2]. They suggested to
confirm the presence of pulmonary nodules should be
checked on both axial and MIP images together. To our
study, we should have to point out a new comment for this
sentence as the ‘addition of coronal -5 mm MIPs datasets
for the small nodule detection’.
In paediatric population one of the major problem is to
acquire the ideal CT scanogram without any artefact.
Because of inability to hold breath there are several respi-
ratory artefacts [1,2,11,12]. However this artefact causes a
higher ratios of undiagnostic sequences therefore most of
them are not included in the study. In our statical analyses
we found no correlation with nodule detection rate and the
cardiac artefact fact on both the MIPs and axial image
interpretation. This finding is similar to Kilburn-Toppin’s
study [1]. However we mention that the study material
in both two studies are 64- slice multidetector row-CT
which is capable of cardiac CT examination only in
seconds.
Regarding the nodule detection aiming the localization
only the coronal-5 mm MIP and axial-5 mm MIP imaging
reached statically significant values. Additionally they
Fig. 3. Figure (a and b) shows sagittal -5 mm MIP reconstruction of two nodules detected in a seven years old boy patient. It was determined to be very
difficult to discriminate from other lesions in the sagittal MIP reformat technique. Figure (c) shows the sagittal-2 mmMIP technique in a five years old boy.
The MIP slice fixed at -2 mm, it could be told that the MIP effect on the slices is very low and more- likely the background suppression is very low. Figure (d)
shows a coronal -2 mm MIP images which was excluded from the study because of inappropriate discrimination of nodule which looks like a ground-glass
opacity.
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eral parts of the lung segments. The central part of the lung
is crowded due to small chest size. Thereby it could be
quite difficult to distinguish the nodule discrimination in
this part [1]. Like similar studies our success rate obtaining
the central part of the lung is also very low [1,2]. In the
peripheral part of the lung the diameter of the vessels
are in the sub-millimetric values. The volumetric value of
the lung is increasing in the lower parts of the lung com-
pared with the apical segments due to the anatomical eval-
uation. Thereby, it is under stable to get significant values
in the lower peripheral parts of the lung. Therefore the
slice thickness less than 5 mm with and without MIP
reconstruction did not able to reach a significant p value.
On the other hand, it is easier to detect peripheral nod-
ules from the other focal pulmonary nodules such as ves-
sels or scars whereas the pulmonary nodules diameters
decrease in the peripheral parts of the lungs. Regarding
the pulmonary chest volume its narrower size compared
with the adult size, and it is logical that crowding of the
pulmonary vessels and increment of the diameter espe-
cially at the central part could be an acceptable reason
for the success of decrease of the MIP images as not higher
expected. In the literature there is not a quantitative anal-
ysis of this item and its effect on nodule reading perfor-
mance. Kilburn-Toppin also discussed this subject in their
paper and mentioned for large cohort studies [1].The extra-pulmonary malignancy chest nodules in pae-
diatric age group tend to locate peripherally, small and
non-calcified ones [1,4–6,22].
In our series the number of pulmonary nodules with
calcification was seven. The number of nodules did not
allocate to reveal a statically significant p value to observe
a diagnostic compromising knowledge. The original arti-
cles pointing out the findings of incidental pulmonary nod-
ules in the paediatric population showed that in non-
malignancy population, the minimum age of presentation
for calcification was six years [6,23]. In our population
the minimum age for the calcification was seven years
which supports their findings. The major differentiation
from the other studies was the study population regarding
the nodules caused as a result of malignancy. The pul-
monary nodules in the osteosarcoma population show cal-
cification in the late adolescent age group is usually
accepted as benign [17,24]. On the other side there is not
a certain diagnostic issue to figure out the pulmonary nod-
ules based on malignancy or benign conditions regarding
the uncalcified nodules in the paediatric population.
MIP Images, acquired from 10 mm section thickness,
are known to reduce interobserver inconsistency in adult
populations when used along with the axial images. In
addition to section thickness, section plane is also impor-
tant. Axial MIP images are more preferred than coronal
MIP images, while in adolescents MIP images with a
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images of 5 mm concerning detection of diagnostic nodule;
evaluation of MIP images in a relatively short time is seen
as a positive point. But when the infant pectoral volume
and dimension in infancy are taken into consideration, a
section thickness of 15 mm is accepted as being rather
thick [1,2,6,11–13]. In paediatric radiology practice, there
are different views regarding MIP images’ section thickness
and section plan in detection of thoracic nodules.
The major limitation of the research papers aiming to
‘nodule detection and measure the performance of radiol-
ogists’ is that there is not a real gold standard measure-
ment criteria, in other words the absence of
histopathological confirmation. All of these studies accept
the consensus of the observers in axial 1 mm thin slices.
Therefore there is lack of false negative results which is a
major determination factor of statical analyses.
One of the limitations of our study was to point out the
most appropriate diagnostic tool to make difference
between the benign or malign nodules in the paediatric
malignancy population. The better design of this study
could be based on only ‘proved malignancy nodules less
than 5 mm’ which would be more accurate. Because in
paediatric oncology practice one of the most challenging
issues is treatment algorithm for the non-proved small
pulmonary nodules. These issues could lead to overrated
diagnosis for the paediatric patients which results unnec-
essary explosion of the chemoteraphoticagents. PET/CT
with higher than 3 SUVs is usually accepted as malignancy
criteria [24]. But this is not a certain accepted issue in the
paediatric oncology practice.
One of the limitation of the study is about the duration
of the time mentioned in the context of minutes. These
minutes would probably not reflect the exact minutes.
Basically, these datasets were chosen from a selected part
of specific patient group, and the timing was tested after
the decision of available for review. In routine clinical prac-
tice the axial datasets are mostly ready to scan in the work-
station, whereas MIP reformatting takes time depending
on processor speeds. On the behalf all we mentioned in
the text that the MIP images should be used to confirm
the diagnosis of the axial thin slices as the complementary
one. The observer management in each of the datasets was
examined separately to understand whether there is a rela-
tionship between the MIP images and the gained
experience.
Kilburn-Toppin et al. and Valencia et al. mentioned that
the MIP images were used as the complementary sets over
the source thin slice images. They suggested confirming
the presence of pulmonary nodules should be checked on
both axial and MIP images together.5. Conclusion
Highest sensitivity in correct small pulmonary nodule
detection was found in 5 mm coronal MIP reconstructions,
which were beneficial over conventional imaging tech-
niques. In paediatric oncology patients, we therefore rec-
ommend to add coronal 5 mm MIP reconstructions to
every chest CT performed.Conflict of interest
The author declares that there is no conflict of interest.
References
[1] Kilburn-Toppin F, Arthurs OJ. Detection of pulmonary nodules at
paediatric CT: maximum intensity projections and axial source
images are complementary. Pediat. Radiol. 2013:820–6.
[2] Valencia R, Denecke T, Lehmkuhl L, Fischbach F, Felix R, Knollmann F.
Value of axial and coronal maximum intensity projection (MIP)
images in the detection of pulmonary nodules by multislice spiral
CT: comparison with axial 1-mm and 5-mm slices. Eur. Radiol.
2006;16:325–32.
[3] Lee KH, Goo JM, Lee SM, Park CM, Bahn YE, Kim H, Song YSHE. Digital
tomosynthesis for evaluating metastatic lung nodules: nodule
visibility, learning curves, and reading times. Korean J. Radiol.
2015;16(2):430–9.
[4] Renne J, Linderkamp C, Wacker F, Berthold L-D, Weidemann J.
Prevalence and configuration of pulmonary nodules on multi-row CT
in children without malignant diseases. Eur. Radiol. 2015;25
(9):2651–6 [Internet]. Springer, Berlin Heidelberg. Available from:
<http://dx.doi.org/10.1007/s00330-015-3675-6>.
[5] Kim H, Park CM, Kim SH, Lee SM, Park SJ, Lee KH, et al. Persistent
pulmonary subsolid nodules: model-based iterative reconstruction
for nodule classification and measurement variability on low-dose
CT. Eur. Radiol. 2014.
[6] Westra SJ, Brody AS, Mahani MG, Guillerman RP, Hegde SV, Iyer RS,
et al. The incidental pulmonary nodule in a child. Part 1:
recommendations from the SPR Thoracic Imaging Committee
regarding characterization, significance and follow-up. Pediatr.
Radiol. 2015;45(5):628–33 [Internet]. Available from: <http://
www.ncbi.nlm.nih.gov/pubmed/25655369>.
[7] Westra SJ, Brody AS, Mahani MG, Guillerman RP, Hegde SV, Iyer RS,
et al. The incidental pulmonary nodule in a child. Pediatr. Radiol.
2015 [Internet]. Available from: <http://link.springer.com/10.1007/
s00247-014-3267-7>.
[8] Katsura M, Matsuda I, Akahane M, Yasaka K, Shohei H, Akai H, et al.
Model-based iterative reconstruction technique for ultralow-dose
chest CT comparison of pulmonary nodule detectability with the
adaptive statistical iterative reconstruction technique. Invest. Radiol.
2013;48(4):206–12.
[9] Kawel N, Seifert B, Luetolf M, Boehm T. Effect of slab thickness on the
CT detection of pulmonary nodules: use of sliding thin-slabmaximum
intensity projection and volume rendering. AJR Am. J. Roentgenol.
2009;192(5):1324–9 [Internet]. May [cited 2014 March 9], Available
from: <http://www.ncbi.nlm.nih.gov/pubmed/19380557>.
[10] Punwani S, Zhang J, Davies W, Greenhalgh R, Humphries P.
Paediatric CT: the effects of increasing image noise on pulmonary
nodule detection. Pediatr. Radiol. 2008;38:192–201.
[11] Smets AMJB, van Tinteren H, Bergeron C, De Camargo B, Graf N,
Pritchard-Jones K, et al. The contribution of chest CT-scan at
diagnosis in children with unilateral Wilms’ tumour. Results of the
SIOP 2001 study. Eur. J. Cancer 2012;48(7):1060–5 [Internet].
Elsevier Ltd. May [cited 2014 March 9], Available from: <http://
www.ncbi.nlm.nih.gov/pubmed/21703848>.
[12] Young C, Xie C, Owens CM. Paediatric multi-detector row chest CT:
what you really need to know. Insights Imag. 2012;3(3):229–46.
[13] Xie X, Zhao Y, Snijder RA, Van Ooijen PMA, De Jong PA, Oudkerk M,
et al. Sensitivity and accuracy of volumetry of pulmonary nodules on
low-dose 16- and 64-row multi-detector CT: an anthropomorphic
phantom study. Eur. Radiol. 2013;23(1):139–47.
[14] Peloschek P, Sailer J, Weber M, Herold CJ, Prokop M, Schaefer-Prokop
C. Pulmonary nodules: sensitivity of maximum intensity projection
versus that of volume rendering of 3D multidetector CT data.
Radiology 2007;243:561–9.
[15] Helm EJ, Silva CT, Roberts HC, Manson D, Seed MTM, Amaral JG, et al.
Computer-aided detection for the identification of pulmonary
nodules in pediatric oncology patients: initial experience. Pediatr.
Radiol. 2009;39(7):685–93.
[16] Rubin GD, Lyo JK, Paik DS, Sherbondy AJ, Chow LC, Leung AN, et al.
Pulmonary nodules on multi-detector row CT scans: performance
comparison; 2005.
[17] Brader P, Abramson SJ, Price AP, Ishill NM, Emily ZC, Moskowitz CS,
et al. Do characteristics of pulmonary nodules on computed
tomography in children with known osteosarcoma help
distinguish whether the nodules are malignant or benign? J
Pediatr Surg 2011;46(4):729–35.
M. Burak Özkan et al. / The Egyptian Journal of Radiology and Nuclear Medicine 47 (2016) 1629–1637 1637[18] Jankowski A, Martinelli T, Timsit JF, Brambilla C, Thony F, Coulomb
M, et al. Pulmonary nodule detection on MDCT images: evaluation of
diagnostic performance using thin axial images, maximum intensity
projections, and computer-assisted detection. Eur Radiol
2007;17:3148–56.
[19] Silva CT, Amaral JG, Moineddin R, Doda W, Babyn PS. CT
characteristics of lung nodules present at diagnosis of
extrapulmonary malignancy in children. AJR Am J Roentgenol
2010;194(3):772–8 [Internet]. March [cited 2014 March 9].
Available from: <http://www.ncbi.nlm.nih.gov/pubmed/20173158>.
[20] Esmaili A, Munden RF, Mohammed T-LH. Small pulmonary nodule
management: a survey of the members of the Society of Thoracic
Radiology with comparison to the Fleischner Society guidelines. J
Thorac Imaging 2011;26:27–31.[21] Society F, Bankier AA, Herold CJ, Austin JH, Travis WD.
Recommendations for the management of subsolid pulmonary
nodules detected. Radiology 2013;266(1):304–17. http://dx.doi.
org/10.1148/radiol.1212062.
[22] Karlsgodt KH, Rosser T, Lutkenhoff ES, Cannon TD, Silva A, Bearden
CE. Alterations in white matter microstructure in
neurofibromatosis-1. PLoS ONE 2012;7(10):1–11.
[23] Alpert JB, Fantauzzi JP, Melamud K, Greenwood H, Naidich DP, Ko JP.
Clinical significance of lung nodules reported on abdominal CT. Am J
Roentgenol 2012;198(4):793–9.
[24] McCarville MB, Billups C, Wu J, Kaufman R, Kaste S, Coleman J, et al.
The role of PET/CT in assessing pulmonary nodules in children with
solid malignancies. Am J Roentgenol 2013;201(6).
